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Claim 7. (currently amended) A least-squares m ethod for 
implcmcnting generating and applying mother W avelet_wavef orms and 
filters for oommunication applicationo , said method comprising 
20 the steps: otcpo: 

said mother Wavclct W avelet . Vj/ (n) — with oamplo index n _ is a digital 

f inite_impulse response (FIR) waveform at baseband (zero 

f rQquQncy_of f oGt) in the time domain, 
rcquircmcnto for linear phase F^ Rfinite impulse response 
25 —filter requirements arc opcGified by on — the passband and 

stopband performance of the power spectral_density 

(PSD) — which roquircmcnto are incorporated into specif led —by 

linear quadratic error metrics J(paDo) , — J (otop) , — in the 

Wavelet, 

30 Wavolot W avelet— requirements on the deadband for 

—quadrature mirror^f liter (QMF) — ^properties for required 
for p erfect reconstruction are incorporated specified by 
into the a linear quadratic error metric J (dead) > in the 
Wavelet, 

35 • Wave Ict Wave let orthogonality requirements are cxprooocd by — the 



orror_J(ISI) J(ACI) for intersymbol interference (ISI) - 
and adjacent channel interference (ACI) which are 
specified by non-linear quadratic error metrics in the 
Wavelet^ 

5 non-linear quadratic error metrics have in said FIR V|/(n) — uocd to 
control OQid ISI and ACI 1gvo1o> quadratic coefficients 
dependent on the Wavelet, 
Wavelet multi-resolution property requires said quadrat ic error 
metrics to be converted to quadratic error metrics in the 
10 discrete Fourior Fourier transform harmonico harmonics V|/ (k) 

of said \\/ (n) — whoroin Ic io the harmonic indcx of the Wavelet 
which harmonics are the Wavelet impulse response in the 
frequency domain , 
using a least-squares recursive solution eigenvalue algorithm 
15 algorithm in figures 4,5 with quadratic error metrics, 

which algorithm requires a means to find the Wavelet 
harmonics that minimize the sum of said linear quadratic 
error metrics, an example means being the eigenvalue 
algorithm, 

20 rcquirco the error mctrico to be lincar_formo in the V|;(]c) 

findo the oigcnvcctoro equal to the \\f {k) — cocfficionto which 
minimisQ the weighted oum J of oaid quadratic error 
mctrico, 

otep 1 of the iterative algorithm 

25 implomonto oaid — eigenvalue 

algorithm to find oaid optimum it/(k) — for the weighted 

oumoum of J(paoo)/ J(otop)^ J(doad)>t 
otep 2 linoarigco oaid J (ISI) , J (ACI) with oaid i|/(k) — from otep 
jr rsaid harmonics are used to linearize said non-linear 

30 quadratic error metrics, 

said least-squares recursive solution algorithm finds the 

harmonics which minimize the weighted sum of the linear and 
linearized quadratic error metrics, 
otep 4 Ghocko to oco if oaid iteration hao Gonvergcdy 
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said least-squares recursive solution algorithm starts over 

again by using said harmonics to linearize the non-linear 
error metrics and to find the corresponding harmonics which 

minimize the sum of said linear and linearized quadratic 

5 error metrics/ 

said least-squares recursive solution algorithm continues to be 
repeated until the solution converges to the design 
harmonics of the Wavelet which is the least-squares error 
solution, and ^ 
10 said Wavelet impulse responses in the time domain and 

frequency domain are implemented in communication systems 

for waveforms and filters. 

otcp 5 roturno to otcp 2 if oaid iteration hao not oonvorgod and 
linoarizoo oaid J(ISI) , J(ACI) — with oaid \\f (k) — from atop 4 / 
15 and otopo iteration if oaid itoration convcrgco, 

oaid i|/ (k) — from oaid iteration algorithm io the optimum leaot - 
oquaroo error oolution that minimiaoo oaid J/ 

uoc invoroo diocroto Fourier tranoform of oaid \j/(k) — to oalculato 

\|/ (n) — which minimigoo J, 

20 uoG oaid \\f (n) — for the tranomittcd data oymbol waveform in the 

Gommunicationo tranomittcr and; 

uoc complex conjugate of oaid y\f (n) — for the impuloc reoponoc of 
the detection filter in the communicationo roccivcr to 
remove the received \\f (n) — and recover oaid tranomittcd data 
25 oymbolo . 

Claim 8, (currently amended) A occond A second m ethod for 
least-squares method for generating and applying Wavelet 
30 waveforms and filters, said method comprising the steps: 
implementing mother Wavelet wavcformo and filtcro for 
communication - applicationo, — oaid method comprioing 
Gonotruct oaid error motrico J (paoo ) , J (otop) > — J(doad) , J(ISI) ^ 
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J(ACI) QO quadratic error motrico in V|j(k) ao dopiotod in 
claim 7 and convert thooo quadratic formo to norm - oquarod 
error motrico in i|/(]c) — for Icaot - oquareo gradient oolution 
and Gonotruct J ao their weighted oum^ 
5 linear phase filter requirements on the passband and 

stopband performance of the power spectral density are 

specified by linear quadratic error metrics in the Wavelet 
impulse response in the time domain, 

using a least-squares recursive solution algorithm in figures 4,5 
10 with norm-squared error metrics, which algorithm requires 

a initialization Wavelet and a means to find the Wavelet 
harmonics which minimize the sum of said linear norm- 
squared error metrics, an example means being a gradient 
search algorithm, 

15 otep 1 calculateo an initial eotimatc vt;(k) — of oaid oolution 

uoing 

said initialization Wavelet is the Rome g -Exchange algorithm 
optimum Wavelet that minimizes the weighted sum of said 
linear quadratic error metrics which optimum Wavelet is 
20 found using an eigenvalue, Remez-Exchange, or other 

optimization algorithm, 
for the weighed oum of 
J (paoo) / — J (otop) — rcpreoontod ao quadratic error motrico in 

y\f{k) , 

25 said linear quadratic error metrics are transformed into linear 

norm-squared error metrics in the Wavelet, 

Wavelet requirements on the deadband for quadrature mirror 

filter properties required for perfect reconstruction are 

specified by a linear norm-squared error metric in the 
30 Wavelet, 

Wavelet orthogonality requirements for intersymbol interference 
and adjacent channel interference are specified by non- 
linear norm-squared error metrics in the Wavelet, 
otcp 2 uoco oaid eotimatc \\f {k) — from otep 1 to initialize oaid 
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gradiant algorithm, 

Dtop 3 oolcGto one of oovGral Qvailablo gradient ooarch 

algorithmo/ — gradient ooarch parainotero, and stopping ruloo, 

atop 4 implemento said algorithm, — paramotoro, — and otopping rule 
5 oelected to derive oaid optimiam — V|/ (k) — to minimige J equal to the 
awoightod oum of the norm - oquarod error motrico J(paaD) / — J (otop) / 
J(dGad)^ J(I6I)/ J(ACI)^ 

non-linear norm-squared error metrics have norm coefficients 

dependent on the Wavelet, 

10 Wavelet multi-resolution property requires said error metrics to 
be converted to error metrics in the discrete Fourier 
transform harmonics of the Wavelet which harmonics are the 
Wavelet impulse response in the frequency domain, , 
using said least-squares recursive solution algorithm to find the 
15 harmonics that minimize the weighted sum of said least- 

squares linear and non-linear norm-squared error metrics, 
which harmonics are the design harmonics of the Wavelet 
least-squares error solution, and 
said Wavelet impulse responses in the time domain and 

20 frequency domain are implemented in communication systems 

for waveforms and filters. 
use invcroc diocretc Fourier transform of oaid \]f {k) — to calculato 

\\f (n) — which minimiaeo J/ 

uoG oaid \\f (n) — for the tranomitted data oymbol waveform in the 
communicationo tranomittcr and/ 

uoo complex conjugate of oaid \\f (n) — for the impuloe ■ rcoponoc of 
the detection filter in the communicationo recoivcr to 
remove the received \|/(n) — and recover oaid tranomitted data 
oymbolo « 



25 



30 



acclaim 9. (deleted) 
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Claim 10^ (currently amended) A method for 
implomcnting W herein applications of the W avelet waveforms and 
filters for multi - rcoolution communication applicationo dorivod 
from paid mother Wavclct in claims 7 or 8^ o in claimo 7 or 8^ 
5 comprising^ ^ otcpo! 

said mothor Wavelet ia dcoignod for application to an M 
channclpolyphaoc filter bank ao depicted in claimo 7 or 8 wherein 
Wavelet design in the frequency domain allows a mother Wavelet to 
be re-scaled for application to multi-channel polyphase 
10 filter banks by implementing equations (11)^(18)^(20) which 

derive a multi-resolution Wavelet from a mother Wavelet by 
using the design harmonics of the mother Wavelet and the 
multi-scale parameters of the Wavelet impulse response for 
said application^ 

15 wherein mother Wavelet refers to a Wavelet at baseband which is 
used to generate other Wavelets, 
wherein multi-scale parameters are the traditional scale, 

translation, timing parameters, plus the new frequency, 
spacing, and length parameters of this invention, 
20 scale parameter scales the sampling time interval, the sub- 
sampling, the over-sampling, and the translation interval 
between Wavelets, 
translation parameter is the timing offset of the Wavelets in 
units of the spacing parameter, 
25 timing parameter is the digital sampling interval, 

frequency parameter is a frequency offset which translates the 
Wavelet in frequency, 

spacing parameter is the number of digital samples for Wavelet 
spacing which is equal to the number of channels in a 

30 polyphase filter bank with a Nyquist sampling rate, 

length parameter specifies the length of the Wavelet in the 

sampling domain, and 
said multi-scale parameters and the mother Wavelet design 
harmonics generate the Wavelet for the multi-channel 
35 polyphase filter bank. 
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M io tho opaoing botwoon Wavcloto within aaid channclo for 

5 — tho Nyquiot digital filter bank oamplo rate 

oaid multi - rooolution changco tho niimbor of oaid uocr channclo 

to M2^p while keeping tho oamc channel filter dcoign which 

moano oaid Nyquiot digital oamplo rato io changed to 

2*p/T whoroin Wavolct ocalo paramotor p io an intogor^. 

10 oaid multi - reoolution Wavelet FIR V|/(n) io derived from oaid 

mother Wavelet deoign harmonico V[/(k) — uoing the inveroo 

diocroto Fourier tranoform for tho mapping of \\f {k) to \\f{k), 

uoo oaid \t;(n) — for tho tranomittod data oymbol waveform for each 

tranomit channel in tho communicationo tranomittor and/ 

15 uoo complex conjugate of oaid v|;(n) — for the impuloe rooponoc of 

tho detection filter bank in the communicationo receiver 

which — io uocd to remove the received \|/(n) — and recover oaid 

tranomittod data oymbolo. 

20 

Claim 11. (deleted) 



Claim 12^ (fte wcurrently amended ) Wherein oaid 
25 Wavelet properties of Wavelet waveforms and filters in claims 7 
or 8/ in claimo 7, 8/ or 10 have proportieo comprising : 
said multi - rooolution Wavelets are multi-resolution Wavelets which 
enable a single Wavelet design at baseband to be used to 
generate W avcloto M/(n) — at baocband are derived from 
30 oaid mother Wavelet W avelets for multi-resolution 

applications by implementing equations (11) , (18) (20) and 
using oaid the Wavelet design h a r mo n i c o h a r mo n i c s \if (k) — and 
the multi-scale ocalo p arameters for the multi-resolution 
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Wavelet applications,, oaid dilation p, — oaid number of 
oamploo M ovor Wavelet opacing, — length — {ir) — in unito of 
oaid digital oample rate 1/T/ and tranolation parameter. 
said n/(n) W avelet can be designed to oupport a bandwidth for a 

5 communications waveform with - f&) — time (T)_ with no excess 

—bandwidth a-O , ^ 
said multi-resolution Wavclct W avelet s are designed to behave like 
an accordion in that at different scales oaid the 
Wavelets- a^e eis a stretched aft€l — or compressed version-s- of 
10 the mother Wavolet W avelet with_appropriate time and 

frequency translation ^ as disclosed on page 21, 
said linear waveform and filter least— squares design methods can 
be modified to design non-linear Wavelet waveforms for 
other applications_including bandwidth efficient modulation 
15 and synthetic_aperture radar as demonstrated in figures 

1 ,Q, — andy- 

other optimization algorithms exist for finding said Wavelets, 
— optimTAm_\[/ (n) . 
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